The aim of this study was to investigate the effect of preoperative anemia on the prognosis of patients who underwent radical nephroureterectomy (RNU) for upper tract urothelial carcinoma (UTUC).
Introduction
Upper tract urothelial carcinomas (UTUCs) are tumors derived from urothelium along the pyelocaliceal cavities and ureter, accounting for approximately 5% to 10% of urinary tract carcinomas. [1] While, its incidence rate is higher in China, especially in Taiwan district, due to the use of traditional herbs which contain aristolochic acid. [2] Radical nephroureterectomy (RNU) with bladder cuff excision is the gold standard treatment for UTUC and has provided durable local tumor control and better long-term survival. [1, 3] Although surgical and medical management has improved, the 5-year cancer-specific mortality rates remain relatively high, ranging from 20% to 30%. [4] Studies have reported some traditional prognostic predictors for UTUC after RNU, such as pathological tumor stage and grade, tumor location and architecture, lymphovascular invasion status, concomitant carcinoma in situ, and age. [5] Recently, an increasing interest in biomolecular predictors for UTUC has been noted, including impaired renal function, [6] and elevated Creactive protein, [7] which have been investigated as prognostic factors for urothelial carcinoma. [8] Although several studies have reported that preoperative anemia may also have a potential to be an independent predictor of oncologic outcomes for UTUC after RNU, its role has not been fully investigated and their results are still controversial. [2, [9] [10] [11] [12] [13] [14] [15] As it is easily available from preoperative routine examinations in clinical practice, a better understanding of preoperative hemoglobin level may improve prognostication for urothelial carcinoma after RNU.
Therefore, in this study, we aimed to further investigate the effect of preoperative anemia on oncologic outcomes of patients who underwent RNU for UTUC in our center and perform a literature review.
Patients and methods

Patients
The data of 688 patients with UTUC received RNU treatment between October 2003 and December 2015 were collected from our center with approval from the institutional review board. Six patients with the previous cystectomy for invasive bladder cancer and 5 patients underwent RNU and radical cystectomy were excluded; Fifty-seven patients were excluded due to missing data on clinicopathological variables or follow-up, and preoperative hemoglobin. No single patient received neoadjuvant chemotherapy before surgery. Therefore, a total of 620 patients were retrospectively reviewed. Lymph node dissection was not routinely performed.
All RNU specimens were respectively processed according to standard procedures. Tumor stage and grade were evaluated according to the 2002 American Joint Committee of Cancer TNM classification and the WHO International Society of Urological Pathology consensus classification, respectively. The preoperatively hemoglobin values of all patients were used for analysis and obtained from blood tests within 30 days before surgery. Anemia is defined as 13 mg/dL or less in males and 12 mg/dL or less in females according to the WHO guideline. [16] Patients were categorized into 2 groups (normal or anemia group) based on hemoglobin levels. The clinicopathological data, including patients' age, gender, smoking history, surgical approach and renal function, preoperative hydronephrosis, and tumor side as well as tumor size were also collected. Endstage renal disease (ESRD) was defined as patients with stage 5 chronic kidney disease (CKD).
Follow-up
Patients were followed every 3 to 4 months for the first year after surgery according to the guideline, semiannually for the second and third year, and annually thereafter, or as clinically indicated with urinary cytology and excretory urography of the contralateral upper urinary tract, and routine check-ups that included history, physical examination, blood laboratory tests, and chest radiography. If clinically indicated, selective bone scan and chest/ abdomen computed tomography (CT)/magnetic resonance imaging (MRI) were elevated. [17] Disease recurrence was defined as local recurrence in the operating field, lymph node spread, and/ or distant metastasis that had not been found in the preoperative examination. Specifically, the tumor found in the urinary bladder or contralateral upper urinary tract after surgery was not regarded as tumor relapse.
Systematic review
The systematic literature review was performed according to Preferred Reporting Items for Systematic Reviews and Metaanalysis (PRISMA) flowchart and followed the PRISMA guidelines for meta-analysis.
Statistical analysis
Continuous variables were analyzed using Student t test and categorical variables were elevated using the Chi-squared test or Fisher exact test. Univariable and multivariable logistic regression analysis were used to evaluate the anemia with clinicopathological features. The Kaplan-Meier method was used to calculate survival outcomes, including overall survival (OS), cancer-specific survival (CSS), and disease recurrence-free survival (RFS), and the log-rank test was used to assess differences. Univariable and multivariable Cox proportional hazards regression models were used to evaluate the relationship between variables and OS, CSS and RFS. Risk factors with a P value <.1 in the univariable analysis were included in the multivariable analysis model. Especially, CKD stage was also included in multivariable models due to its potential covariant effect with anemia. Hazard ratios (HRs) with their 95% confidence intervals (95% CIs) were used to assess the strength of the individual variables. All reported P values were 2-sided with statistical significance set at P < .05. Statistical analyses were performed using IBM SPSS Statistics version 22.0 (IBM Corp., Armonk, NY).
In terms of meta-analysis, Stata v. 12.0 (StataCorp, College Station, TX) was used to perform all statistical analyses. Statistic heterogeneity scores were assessed by using both the standard Cochrane Q test and I 2 statistic to quantify inconsistency across studies and to assess the impact of meta-analysis heterogeneity. A value of P < .05 for Cochrane Q test or an I 2 statistic > 50% indicates a considerable level of heterogeneity, resulting in the use of the random-effects model. Publication bias was investigated by visual inspection of Begg funnel plots.
Results
The baselines of patients included in the present study are summarized in Table 1 . The median follow-up duration was 51 (range: 1-168) months. The mean age of the whole cohort was 65.70± 11.35 years. Only 6 patients had ESRD in this cohort. Four hundred sixty-two patients had high-grade tumors and 310 patients were diagnosed with the ≥T3 stage. A total of 246 patients had preoperative anemia. Among them, 188 patients had slight level anemia, 53 patients had moderate anemia, and only 5 cases had severe anemia. Anemia was found to be related to high-grade (P < .001), sessile architecture (P = .001), advanced T stage (P < .001), lymphovascular invasion (LVI; P = .006), and worse CKD stage (P = .012). No relationship was found between anemia and tumor size or CVH. The receiver operating characteristic (ROC) curve showed that the area under the curve (AUC) of anemia was 0.598. KaplanMeier curves revealed that patients with preoperative anemia had worse OS, CSS, and RFS (all P < .001) (Fig. 1A-C) . Univariable Cox analysis found that anemia was related to poor survival outcomes of patients with UTUC (CSS: HR 2.112, 95% CI: 1.597-2.794; RFS: HR 1.724, 95% CI: 1.361-2.185; and OS: HR 2.088, 95% CI: 1.627-2.681, respectively) ( Table 2) . Table 1 Baseline characteristics of 620 patients with upper tract urothelial carcinoma included in the present study.
Variables
Total (n = 620) Anemia (-) (n = 374) Anemia (+) (n = 246) P Multivariable Cox analysis further confirmed that anemia was an independent predictor of worse CSS (HR 1.719, 95% CI: 1.285-2.300; P < .001), RFS (HR 1.427, 95% CI: 1.114-1.829; P = .005), and OS (HR 1.756, 95% CI: 1.353-2.279; P < .001) ( Table 3) . But anemia was not associated with intravesical recurrence (IVR) (HR 1.086, 95% CI: 0.755-1.564; P = .656). The study also confirmed that tumor stage, tumor grade, LNM, CVH, tumor size, and tumor architecture were independent predictors of survival outcomes in UTUC patients ( Among patients without ESRD (n = 614), the anemia was proved to be associated with worse outcomes in both univariable and multivariable Cox analysis (OS, HR 1.759, 95% Table 2 Cox proportional hazard univariate analysis to predict survival outcomes of patients with upper tract urothelial carcinoma. (Table S1 and S2, http://links.lww.com/MD/C492). However, the impact of anemia on survival in patients with ESRD was unavailable in our cohort due to a small population (n = 6). Six studies with a total of 1776 participants and our present cohort were included in the systematic review and metaanalysis. [2, [10] [11] [12] [13] [14] 18] The characteristics of studies included are summarized in Table 4 . The pooled results showed that anemia was associated with worse CSS (HR 2.05, 95% CI: 1.73-2.44), RFS (HR 1.57, 95% CI: 1.30-1.90), and OS (HR 1.53, 95% CI: 1.10-2.13), but not related to IVR (HR 1.10, 95% CI: 0.83-1.46) in UTUC patients (Fig. 2) . No publication bias was observed among studies analyzing the impact of anemia on CSS Table 4 Overall characteristics of studies included in meta-analysis. [14] 1995-2011 37. [11] 1999-2013 34. IQR = interquartile range, NOS = Newcastle-Ottawa Scale, NR = not reported, SD = standard deviation, WHO = World Health Organization. * Anemia in WHO criteria is defined as hemoglobin less than 130 and 120 g/L in males and females, respectively. † Anemia is defined as in male patients younger than 60 years as 13.7 g/dL or less and in those 60 years old or older as 13.2 g/dL or less. In female patients of all ages, the corresponding threshold for anemia was 12.2 g/dL or less. Figure 2 . Forrest plots of meta-analyses of the effect of preoperative anemia on oncologic outcomes in patients with UTUC after RNU. Tan Figure S1 , http://links.lww.com/MD/C492). The pooled results also found anemia could lead to inferior CSS (HR 1.82, 95% CI: 1.44-2.31) and MFS (HR 2.21, 95% CI: 1.54-3.18) in those without ESRD (Fig. 3 ).
Discussion
Anemia can result from many causes, such as blood loss, renal insufficiency, bone marrow disorders, and hypothyroidism. [19] Anemia is also common in cancer patients and significantly influenced by the type of malignancy, tumor stage and grade, lymph node metastasis, and the choice of treatment. [11] Caro et al [20] conducted a comprehensive analysis to estimate the effect of anemia on survival in patients with malignant disease. Their result suggested that the relative risk of death increased by 65% in anemic cancer patients; however, the impact of preoperative anemia on patients with UTUC has seldom been assessed. In our cohort, the results found that anemia was an independent predictor of survival outcomes in UTUC patients. Anemia was also associated with high grade, sessile architecture, advanced T stage, LVI, and high stage CKD. But anemia had no association with tumor size and CVH. The pooled results from meta-analysis also suggested that preoperative anemia was associated with worse CSS, RFS, and OS in patients with UTUC after RNU regardless their renal function, but it did not affect IVR.
As we known, renal insufficiency could not only contribute to the poor outcomes of urothelial carcinoma but also related to causing anemia due to erythropoietin deficiency, uremic-induced inhibitors of erythropoiesis, shortened erythrocyte survival, and iron deficiency. [6, 21] Therefore, it is noteworthy to understand the association of anemia with UTUC oncologic outcome at different stages of renal function. Our study revealed that anemia contributed to worse CSS, RFS, and OS in patients without ESRD, while its impact on patients with ESRD was unavailable in this study due to a small population of ESRD patients. The pooled results from meta-analysis also suggested that anemia was related to worse CSS and MFS in patients without ESRD. Moreover, Yeh et al [13] found that there was no difference in CSS or MFS in patients with renal insufficiency ranging from stage 1 to 4 CKD. And they also found in patients with ESRD, preoperative anemia was not related to CSS or MFS (P = .590 and P = .379, respectively). [13] Anemia occurred more commonly in patients with ESRD, over 90%. [13, 15] Consequently, anemia in uremic patients was generally attributed to the process of renal function deterioration rather than the carcinogenesis. Thus, the ESRD may play the main role in causing the worse outcomes in urothelial cancer and anemia is a mere result of ESRD in patients with ESRD, which means anemia was not a predictor of adverse prognosis in this population. Also, Yeh et al [13] thought that the cancer-related anemia was the actual prognostic factor for patients with UTUC.
The relationship between anemia and cancer pathophysiology is complex and multifactorial. In UTUC patients, the impact of adjuvant chemotherapy on anemia by bone marrow suppression was controversial, even in opposite directions. [11] [12] [13] Gross hematuria is an important but common symptom for the diagnosis of UTUC, which also contribute to the anemia due to blood loss. However, no data on gross hematuria were available currently. Blood loss might also be attributed to the preoperative manipulation, but the only evidence reported that there was no association between interventions and hemoglobin level. [12] In patients with malignancy, cancer-related anemia is a cytokine-mediated disorder resulting from complex interactions between tumor cells and the immune system. It usually occurs long before the diagnosis of the underlying disease and often a sign of potentially decreased function of organs and systems. Overexpressed certain inflammatory cytokines could shorten survival of red blood cells, suppress erythroid progenitor cells, impair iron utilization, and result in inadequate erythropoietin production. [22] Moreover, low hemoglobin levels correlated with poor performance status and clinical outcome. [22] Therefore, preoperative anemia could be considered as a strong prognostic predictor of worse outcome in patients with UTUC.
Regardless, it is now clear that preoperative anemia is a significant prognostic factor in UTUC following RNU, but whether correcting the preoperative anemia could improve the survival after RNU remains unknown. Currently, managements such as transfusions, erythropoiesis-stimulating agents (ESAs), and iron supplements were normally used to correct the anemia. [23] Because transfusions could quickly correct anemia, doctors often suggested the blood transfusion for anemic patients with cancer who need confine operation, radiotherapy, or chemotherapy. Around 15% anemic patients with cancer were treated with blood transfusions, but its safety and impact on prognosis remain as an issue of debate. [24] Several reports have shown that transfusion contributes to poor prognosis in some kinds of cancers. [24] However, limited evidence suggested that perioperative blood transfusion was associated with inferior OS (HR 1.6, P = .027), but not with disease recurrence or cancerspecific mortality in anemic patients with UTUC after RNU. [18] Treatment of ESAs might increase the risk of thrombosis and mortality, although it could improve patients' quality of life. [25] Thus, transfusions and ESAs should be carefully used to treat anemic patients with UTUC. [24, 25] Some limitations of this study should be mentioned; first, its retrospective nature, which may have led to a selection bias. In addition, the surgery methods and adjuvant therapy treatments were a little different between the 2 groups, although we found that these 2 factors did not affect the survival outcomes. Meanwhile, lymphadenectomy was not routinely performed; only 148 patients received lymphadenectomy in our cohort, which may decrease the accuracy of our results even though there was no difference between the 2 groups. Compared with previous studies, we analyzed the impact of different anemia level on survival outcomes and found both the slight and moderate anemia cause worse survival status, while severe anemia had no impact on UTUC patients. Moreover, renal function was fully considered in the present study and was included in multivariable model. Due to the small population of ESRD (n = 6), the impact of anemia on patients with ESRD was unavailable in the present study. Future studies are needed to investigate this topic in population with ESRD.
Conclusion
Preoperative anemia was significantly associated with worse oncologic outcomes in patients with UTUC following RNU. At the moment, no evidence investigated whether correcting the preoperative anemia could improve the survival after RNU. Thus, more prospectively designed studies are needed to validate our results.
